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The management of vegetation competition in forests1 is an
integral part of silvicultural practices in many parts of the
world (Wagner et al. 2006; Richardson et al. 2006; Newton
2006). However, there are substantial differences between
the continents with regard to the preferred methods. The
implementation of tending measures to control woody
competitors is common in European even-aged stands as in
other parts of the world. In contrast, the use of herbicides
for weed control is much less common in Europe than for
example in North America, South Africa, Australia and
New Zealand where chemical vegetation control, in
particular, is used and promoted strongly in plantation
forestry (Newton 2006). If at all, in Europe, herbaceous
vegetation is controlled predominantly by mechanical site
preparation, mulching or other techniques (McCarthy et al.
2010, this issue). An overwhelming amount of literature
has shown that chemical vegetation control can result in
huge gains in wood volume (Wagner et al. 2006). This had
let to favourable reports of chemical vegetation control as
the following statements may indicate: ‘in most instances,
forests cannot be managed economically without herbi-
cides if the goal is to grow seedlings at the potential of the
site and the plant community includes sprouting hardwoods
and shrubs of rhizomatous forbs and ferns’ (McDonald and
Fiddler 1993); ‘most regeneration efforts around the world
would fail or be severely delayed without effective forest
vegetation management … primarily using herbicides’
(Wagner et al. 2006); ‘reducing competition for desirable
trees with modern chemicals has less impact on soil and
wildlife habitat and lowers human health risk per unit
of effectiveness than mechanical or manual methods’
(Newton 2006). In contrast, in Europe at present there is
political consensus for a reduction in the use of herbicides
as much as possible (i.e. The EU Thematic strategy on the
Sustainable Use of Pesticides). Society perceives European
forests as the last quasi-natural compartments of a land-
scape which has been entirely manipulated for more than
2,000 years. In this context, herbicides are view by the
public as a serious threat for the maintenance of the set of
multiple functions that forests provide (Merlo and Croitoru
2005; Schmithu¨sen 2007; Ammer and Puettmann 2009).
This article originates from the final conference of the Cost action
E47 ‘‘European Network for Forest Vegetation Management:
Towards Environmental Sustainability’’ in Vejle, Denmark,
4–7 May 2009.
C. Ammer (&)
Department of Silviculture and Forest Ecology of the Temperate
Zones, Georg-August-Universita¨t, Go¨ttingen, Germany
e-mail: Christian.Ammer@forst.uni-goettingen.de
P. Balandier
Cemagref, Research Unit on Forest Ecosystems,
Nogent-sur-Vernisson, France
P. Balandier
INRA, UMR547 PIAF, Clermont-Ferrand, France
N. S. Bentsen
Centre for Forest, Landscape and Planning,
University of Copenhagen, Frederiksberg, Denmark
L. Coll
Forest Functioning and Dynamics, Solsona Centre Tecnolo`gic
Forestal de Catalunya (CTFC), Solsona, Spain
M. Lo¨f
Department Southern Swedish Forest Research Centre,
Swedish University of Agricultural Sciences, Alnarp, Sweden
1 Forest vegetation management (FVM) is here defined according to
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suppress unwanted species.
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Even those private woodland owners or public forest
enterprises who focus on economically optimised timber
production are directed towards alternatives to herbicides
by forest certification schemes (in Europe as in other parts
of the world, see Richardson et al. 2006). Besides the low
social acceptability of herbicides (particularly in Central
and Northern Europe), the role of chemical vegetation
management in Europe may be limited for other reasons:
• As Balandier et al. (2006) pointed out in a review on
forest vegetation management strategies, the competi-
tiveness of different plant species groups such as
graminoids, forbs, small shrubs, tall shrub or, canopy
species differs considerably. The number of species
within a group and their competitiveness is a result of
the earth’s glacial and postglacial geological and
climatic history. Consequently this differs between
and within geographic regions. Therefore, it may be
that the diversity of competition, particularly from
shrubs, is not as severe, at least in Central European
forests, as in other parts of the world.
• Some major Central and Northern European tree
species, such as Norway spruce (Picea abies (L.)
Karst.), are very tolerant to interference by herbs and
grasses, yet respond to weed control by a substantial
increase in growth. However, non-chemical methods of
vegetation control such as mechanical site preparation
have sometimes proven to be as effective as repeated
herbicide treatments (Nilsson and O¨rlander 1999).
Woody competition between Norway spruce and birch
(Betula pendula Roth), for instance, may even lead to
niche complementarity between the two naturally
coexisting functional groups, resulting in a higher total
yield of the mixed stand compared to a pure Norway
spruce or birch stand (Frivold and Frank 2002).
• Shelterwood and group selection management systems
are common silvicultural tools which prescribe a
considerable retention time of overstorey trees. When
the overstorey species cast deep shade, such as
European beech (Fagus sylvatica L.), competing veg-
etation may be very effectively suppressed. As the
growth impact of a given level of competing vegetation
on tree seedlings differs with species contributing to
total cover (Maguire et al. 2009), already the weaken-
ing of light-demanding and highly competitive species
by shading reduces competition.
• Most studies on chemical vegetation control have
focused on the differences in growth and yield between
managed and control stands, but very few have
undertaken an economic evaluation of the treatments
in long-term studies.
There are many European studies on forest vegetation
management. These studies can be grouped in three main
topics: (1) the response of target tree species to woody and
herbaceous vegetation competition (e.g. Fotelli et al. 2001;
Coll et al. 2004; Bloor et al. 2008); (2) the analysis of the
effectiveness of various vegetation management techniques
(e.g. Nilsson and O¨rlander 1999; Hyto¨nen and Jylha¨ 2005;
Balandier et al. 2006; Johansson et al. 2006; Jylha¨ and
Hyto¨nen 2006; Willoughby and Jinks 2009), and (3) the
dynamics of forest ground vegetation and diversity under
different forest management systems (e.g. Khanina et al.
2007; Heinrichs and Schmidt 2009). In contrast, in Europe
the long-term effects of herbicides on fauna, microorgan-
isms, other forest inhabitants and seepage water quality
have not been studied in detail. However, the vast majority
of studies on the use, and efficiency, of herbicides to
control forest vegetation and improve the growth of crop
trees have been conducted in North America under various
environmental conditions.
Despite the large body of literature on FVM, the picture
is far from clear. For example there are still:
• Inconsistent findings on the permanency of gains in
growth and yield from FVM. The results from Wagner
and Robinson’s (2006) study indicate that vegetation
control during the first few years after planting results in
a substantially increased productivity of young conifer
stands (Pinus banksiana, Pinus resinosa, Pinus strobes,
Picea mariana) for the first decade. However, early
height gains by Pinus taeda after herbaceous vegetation
control treatments were not necessarily maintained
throughout later stages of stand development. Quicke
et al. (1999) assume that ‘at some point volumes of all
treatments are expected to level off and possibly decline
because of mortality induced by intraspecific competi-
tion. It might also be that yields of untreated plots will
catch up to plots with vegetation control as competition
from herbaceous weeds diminishes’. This view is
supported by Zhang et al. (2006) who investigated the
effects of stand density and shrub competition on
growth and development of Pinus ponderosa over a
period of 35 years. They found that the timing of
convergence of treated and untreated plots depends on
stand density and site quality. An untreated dense stand
on a productive site tends to converge towards the
growth curve of a treated stand quite soon after planting.
Maguire et al. (2009) also found a declining negative
impact of competing vegetation on seedling growth
with increasing tree size. In particular, the effect of
herbaceous vegetation control seems to diminish over
time. Examining the growth response of Pseudotsuga
menziesii to different treatments of vegetation, Rose
et al. (2006) found no growth differences between
woody-only and herbaceous-only control treatments
after 12 years, even though, just 3 years after planting,
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stem volume in the herbaceous control treatment had
been more than 200% greater than in the woody-only
control treatment.
• Inconsistent findings on the effect of overstorey density
and gap size. Harrington (2006) found that overstorey
density and vegetation control had additive effects on
Pseudotsuga menziesii seedling responses and did not
interact. However, in a previous study, Groot (1999)
observed interactions between overstorey treatment
(clearcut versus shelterwood) and vegetation control.
Interestingly, in this study, Picea glauca seedlings
responded to vegetation control on clearcuts by
increasing seedling diameter but not height, whereas
in shelterwood treatments, vegetation control increased
both diameter and height growth. Gasser et al. (2010)
investigated the effect of vegetation control, liming and
gap size on the growth Acer saccharum and Betula
alleghaniensis. They concluded that, although vegeta-
tion control had a significant effect on light and nutrient
availability, particularly in large gaps, and resulted in
some gain in growth, the high survival rates meant
vegetation control was not warranted.
• Inconsistent results on the effects of ground vegetation
control on foliar nutrient concentration. For Pinus
taeda, Zutter et al. (1999) reported positive effects on
foliar nutrient concentration and content at age two, but
this effect diminished with time. In a study by Miller
et al. (2006), intensive herbaceous plant control treat-
ments were associated with decreases in soil C and N
and reduced Pinus taeda foliage N and K at year 15
after FVM.
• Opposite effects of woody and herbaceous vegetation
management. For example, control of woody compet-
itors has been shown to increase herbaceous competi-
tion (Glover and Quicke 1999). The control of
herbaceous species but not woody species resulted in
much better seedlings growth than both herbaceous-
and woody-species control (Pitt et al. 2009).
• Inconsistent findings on the effect of chemical vegeta-
tion control on species richness. Balandier et al. (2006)
have carefully reviewed the literature on the effect of
herbicides on plant species richness. They reported that
the ‘vegetation composition can be partially or com-
pletely different from the initial one, but alternatively
can also be more competitive than the initial vegeta-
tion’. In most cases, it is therefore necessary to continue
herbicide application for several years.
In conclusion, it can be stated that the effect of FVM
varies with regard to competitiveness and density of target
species and weeds, site, stand age, functional group of the
competitors and resource availability. This makes gener-
alisations difficult, and underlines the need for future
research to attempt to untangle the multiple factors and
their potential interactions. Designing vegetation manage-
ment experiments requires approaches that enable the study
of the development of both competing species and target
species over at least a decade (Balandier et al. 2006).
In view of the limited and scattered knowledge on the
effects of FVM in Europe, the COST action E47, European
Network for Forest Vegetation Management was initiated
in 2005. In May 2009 a final international conference was
held in Vejle Denmark. This special issue presents selected
papers from this conference and highlights different
aspects of FVM. The state of forest vegetation management
in Europe is summarised by McCarthy et al. (2010, this
issue) reflecting the different approaches by countries and
geographical regions. Another review focuses on canopy
effects on understorey vegetation (Wagner et al. 2010, this
issue). As mentioned above, in Europe, overstorey cano-
pies are widely used to favour tree regeneration over
aggressive shade-tolerant graminoids and forbs. This
approach of controlling understorey shrub vegetation by
managing canopy cover was also the impetus for an
investigation on plant species richness and natural tree
regeneration in three post-storm sites in France (Dodet
et al. 2010, this issue) and in Mediterranean forests in
Spain (Coll et al. 2010, this issue). In the latter study a
marked effect of tree layer composition and environment
on the relationship between the development of understo-
rey and overstorey tree structure was observed. Another
study from southern Europe is presented by Pre´vosto et al.
(2010, this issue). The goal of this study was to develop
management strategies favouring the establishment and
survival of two oak species in mature Allepo pine forests.
Based on a controlled experiment in a nursery, Gaudio
et al. (2010, this issue) examined the interaction between
crop seedlings, density of three competing shrub species
and available light. When shrub density increased, pine
seedling growth was negatively affected because of
reduced light availability. One of the few European long-
term studies on the effect of post-planting weed control on
the cover and composition of ground vegetation and on the
growth, survival and nutrient concentrations of bare-rooted
Scots pine seedlings was carried out by Hyto¨nen and Jylha¨
(2010, this issue) in Finland over a 15-year period. They
found the more intensive the weed control, the better the
tree seedling growth and survival. In another study from
Finland, the efficiency of three different methods for
restricting European aspen (Populus tremula) sprouting
was investigated (Hamberg et al. 2010, this issue). The
results indicated that fungus treatment can restrict the
emergence and growth of stump sprouts better than other
methods. As very little is known about the competitive
effects of invasive plant species on seedling growth, Am-
mer et al. (2010, this issue) tested the effect of different
Eur J Forest Res (2011) 130:1–5 3
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weed treatments for Himalayan balsam (Impatiens
glandulifera) on survival and growth of Picea abies and
Abies alba seedlings. It was shown that Himalayan balsam
does not substantially restrict the growth of these tree
species. However, its effect on seedling establishment was
not tested. Although the debate about the need to use
herbicides seems to be more prevalent in Europe than in
other parts of the world, Thiffault and Roy (2010, this
issue) review the historical context of the decision to ban
herbicide use on Crown forested land in Que´bec, Canada,
and the research conducted subsequent to this decision.
This example illustrates that the discussion about FVM, its
intensity, and, most important, appropriate methods is
unresolved for many people throughout the world. In this
situation, objective scientific research is more necessary
than ever.
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